The entire nucleotide sequence of a hepatitis C virus (HCV) genome (NZL1) of genotype V/3a was determined from overlapping cDNA clones obtained from a human cartier in New Zealand. It comprised 9425 nucleotides (nt) including a 5'-untranslated region of 339 nt, a single large open reading frame encoding a polyprotein of 3021 amino acids, a 3'-untranslated region of 23 nt, and T-terminal poly(U) stretches of variable lengths. The NZL1 genome was compared with 15 HCV isolates of other genotypes for which the fulllength sequence has been determined. It differed from them by 31.1 to 34.3 % in nucleotide sequence identity and by 24.5 to 29.1% in amino acid sequence identity, confirming the distinction of genotype V/3a from the other isolates.
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Hepatitis C virus (HCV) has a positive-stranded, linear
RNA of approximately 9-5 kb and is the causative agent of most cases of blood-borne non-A, non-B hepatitis (Choo et al., 1989) . The genomic structure and organization of HCV resemble those of pestiviruses and fiaviviruses with 5'-and 3'-untranslated regions (UTRs) flanking a single long open reading frame (ORF) encoding the core protein (C), envelope glycoprotein 1 (El), envelope 2/non-structural 1 glycoprotein (E2/ NS1), and non-structural proteins 2 to 5 (NS2 to NS5) (reviewed by Houghton et al., 1991) .
Based on sequence similarity, HCV isolates can be classified into genotypes I, II, III, IV, V and VI (Mori et al., 1992; Okamoto et al., 1992b Okamoto et al., , d, 1993 or into three major types designated 1, 2 and 3, with each type divided into two subtypes, a and b (Chan et al., 1991 (Chan et al., , 1992 McOmish et al., 1993; Simmonds et al., 1993; Stuyver et al., 1993b) . Genotype I corresponds to la, II to lb, III to 2a, IV to 2b, V to 3a and VI to 3b. The entire nucleotide sequences have been reported for at least 15 HCV genomes, three of genotype I/1 a Inchauspe et aL, 1991; Okamoto et al., 1992a) , nine of genotype II/lb (Kato et al., 1990;  The nucleotide sequence data reported in this paper are deposited in the DDBJ/GenBank/EMBL Data Libraries under the accession no. D17763. Takamizawa et al., 1991 ; Chen et al., 1992; Okamoto et al., 1992c; Tanaka et al., 1992; Honda et al., 1992; Wang et al., 1993) , one of genotype III/2a (Okamoto et al., 1991) and one of genotype IV/2b (Okamoto et al., 1992b) . The remaining one (HC-G9) is classified into genotype lc, which is related to genotypes I/1 a and II/lb but significantly different from them .
Genotypes V/3a and VI/3b have been defined by partial sequences of the genome. HCV isolates of genotype V/3a have been reported from Brazil (Stuyver et al., 1993a) , Denmark, Hong Kong and Italy (Bukh et al., 1992 (Bukh et al., , 1993 , New Zealand ), Thailand (Mori et al., 1992 Okamoto et al., 1993) , U.K. (Chan et al., 1992) and U.S.A. (Cha et al., 1992; Lee et al., 1992; Okamoto et al., 1993) , based on comparison of rather short sequences from the 5' UTR and C, El, NS3 and NS5 coding regions.
We have determined the entire genomic sequence of an HCV isolate (NZL1) of genotype V/3a from a carrier who donated a blood unit at the Auckland Regional Blood Center in New Zealand. The plasma was reactive in the second-generation enzyme immunoassay for HCVassociated antibodies (Abbott HCV EIA 2nd Generation Diagnostic Kit) and HCV RNA was found by reverse transcription-PCR. RNA was extracted from 50 ml of plasma by the method described previously (Okamoto et al., 1990) , and dissolved in RNase-free distilled water. Fig. 1 . Proposed genetic organization of the NZL1 genome of genotype V/3a and the strategy for sequencing. Lines indicate 5' and 3' UTRs with a poly(U) tail of up to 3 t at, and bars represent various regions with nucleotide positions above and amino acid positions below. The sequence represented by the shaded bar is reported elsewhere . Solid bars represent PCR products and open bars clones from 2gtl0 cDNA libraries. Primers for cDNA synthesis and PCR are indicated above and nucleotide positions below bars. Choo et al., 1991; , HCV-H (Inchauspe et al., 1991) , HC-J1 (Okamoto et al., 1992a) , HC-G9 , HC-J4/83 and HC-J4/91 (Okamoto et al., 1992e) , HCV-J (Kato et al., 1990) , HC-C2 , HCV-JT and HCV-JT" , HCV-JK (Takamizawa et al., 1991) , HCV-T (Chen et al., 1992) , HCV-JK1 (Honda et al., 1992) , HC-J6 (Okamoto et al., 1991) and HC-J8 (Okamoto et al., 1992b) .
Extracted RNA was denatured at 70 °C for 1 min, and used as a template for cDNA synthesis with appropriate oligonucleotide primers and cloned reverse transcriptase of Moloney murine leukaemia virus (Superscript; Gibco-BRL). HCV-specific, 20-or 21-mer primers, which were deduced from the HC-J1, HC-J4, HC-J6, HC-J8 and NZL1 isolate sequences (Okamoto et al., 1991 (Okamoto et al., , 1992a , were synthesized in a Cyclone Plus DNA synthesizer (MilliGen/Biosearch Division of Millipore).
The strategy for sequencing the NZLt genome is illustrated in Fig. 1 . Sequences of regions b and f have been reported previously . The extreme 5' end sequence (region a) was determined for the NZL1 isolate by a single-sided PCR with poly(T) or poly(A) tailing of the single-stranded cDNA corresponding to region a (Okamoto et al., 1992b) . Of 37 clones sequenced, the 13 longest [11 with poly(T) tailing and two with poly(A) tailing] had identical sequences within nt 1 to 137 with an A as the first nucleotide, whereas the remaining 24 clones varied in length with identical 3' end sequences. The sequence of region a was determined also for three additional isolates of genotype V/3a (Th85, USll4 and HEM26).
The region c was amplified by PCR for 35 cycles with the primer pair specific for NZL1 [no. 378 (nt 1791 to 1810)/no. 401 (nt 2311 to 2330)] and AmpliTaq DNA polymerase (Perkin-Elmer Cetus). The consensus sequence was determined from three independent clones of amplified DNA fragments.
Regions d and e were determined from the overlapping cDNA clones (~164 and ~312) of distinct cDNA libraries. Extracted RNA was reverse-transcribed with antisense primer no. 376 (nt 5204 to 5223) or no. 81 (nt 8644 to 8663) and used to construct cDNA libraries in (Okamoto et al., 1992a) .
:~ HCV-J (Kato et al., 1990) , HCV-BK (Takamizawa et al., 1991) , HCV-T (Chen et al., 1992) , HC-J4/83 and HC-J4/91 (Okamoto et al., 1992e) , HCV-JK1 (Honda et al., 1992) , HCV-JT and HCV-JT' and HC-C2 .
§ HC-G9 . ]] HC-J6 (Okamoto et al., 1991) . ¶ HC-J8 (Okamoto et al., 1992b) . , HC-J1 (Okamoto et al., 1992a) , HC-J4/83 and HC-J4/91 (Okamoto et al., 1992c) , HCV-JT and HCV-JT' , HCV-T (Chen et al., 1992) , HC-C2 , HC-G9 , HC-J5 and HC-J6 (Okamoto et al., 1991) , HC-J7 and HC-J8 (Okamoto et al., 1992b) , NZLI, Th85, US114 and HEM26 (this study). HC-J6 had a deletion at nt 6, and NZL1 had deletions at nt 6 as well as nt 7; they were aligned disregarding deletions.
bacteriophage 2gtl0 with the Superscript eDNA synthesis kit. Clones were screened by plaque hybridization as described previously (Okamoto et al., 1990) . PCR products and eDNA inserts excised from recombinant 2gtl0 were cloned into M13 phage vectors and overlapping eDNA fragments were sequenced for both plus and minus strands with AutoRead sequencing kits (Pharmacia LKB Biotechnology).
The genomic organization of the NZL1 isolate is shown in Fig. 1 . The genome is composed of 9425 nt comprising the 5' UTR (nt 1 to 339), a single long ORF (nt 340 to 9402) encoding a polyprotein precursor of 3021 amino acids and a 3' UTR (nt 9403 to 9425) followed by a poly(U) tail of variable length. The 3' UTR did not have any additional in-frame stop codons unlike reported HCV isolates of the other genotypes.
The coding region consisted of the C (encoding 191 amino acids), E1 (192 amino acids) and E2/NS1 (352 amino acids) genes, as well as regions NS2 (277 amino acids), NS3 (651 amino acids), NS4a (54 amino acids), NS4b (261 amino acids), NS5a (452 amino acids) and NS5b (591 amino acids); these genes and regions are based on presumed cleavage sites for processing of the precursor protein (Hijikata et al., 1991 b; Takamizawa et al., 1991 ; Grakoui et al., 1993) . The E2/NS1 protein had six more amino acids than those of genotypes I/la, II/lb and lc, and two more than III/2a and IV/2b. Specifically, the NZL 1 genome had an insertion of one amino acid (position 481) within the hypervariable region 2 (Hijikata et al., 1991 a) (between amino acids 480 and 481 in I/la genomes) and one of five amino acids occupying positions 580 to 584 (between amino acids 578 and 579 in I/la genomes). The NS5a protein possessed four or five more amino acids than those of I/la, II/lb and lc, but had 14 fewer amino acids than those of III/2a and IV/2b. Specifically, the NZL1 genome had an insertion of one amino acid [position 2380 (between residues 2376 and 2377 of I/la genomes)] and one of four amino acids occupying positions 2391 to 2394 (between amino acids 2383 and 2384 of I/la genomes); it had a deletion of one residue (corresponding to amino acid 2414 of I/la genomes) after amino acid 2424. Overall, the NZL1 genome encodes a polyprotein which is 10 or 11 amino acids larger than those of genotypes I/la, II/lb and lc, and 12 amino acids smaller than those of genotypes III/2a and IV/2b.
The entire genomic sequence of the NZL1 isolate was very different from any of the 15 genomes reported, with only 68 to 69 % similarity to isolates of genotype I/la, II/lb or lc, and 66 % similarity to isolates of genotype III/2a or IV/2b. The deduced amino acid sequence of NZL1 was similar by only 71 to 76% to those of the 15 isolates. As shown in Fig. 2 , it constituted a third major branch on the phylogenetic tree constructed for the entire genomes by the unweighted pair-group method (Nei & Gojobori, 1986) , using a molecular evolutionary analysis system for DNA and amino acid sequences (ODEN, National Institute of Genetics, Mishima, Japan).
When sequences in various genes and regions were compared (Table 1) , NZL1 showed the highest similarity (88 to 94 %) in the 5" UTR and the lowest similarity in the 3' UTR, in particular to isolates of genotype III/2a (35 %) or IV/2b (39%). Within coding regions, the C gene was the most highly preserved, similar by 81 to 84 % in nucleotide sequence and by 88 to 92 % in amino acid sequence. This is contrasted by a considerably lower similarity in the E1 gene, NS2 and NS5a regions within which NZL1 shared nucleotide sequence identity of only 58 to 67 %, 56 to 60 % and 59 to 64 %, respectively, with the other isolates.
The extreme 5' end sequences of 50 nt in HCV isolates of various genotypes are compared in Fig. 3 . Isolates of the same genotype have an identical sequence, isolates of genotype III/2a had a deletion of 1 nt, whereas those of genotype V/3a had one of 2 nt. Despite variations in these areas, a hairpin-like structure originally described for an isolate of genotype I/la is conserved in all isolates irrespective of genotype, and direct repeats of CACTCC which span nt 24 to 29 and nt 38 to 43 are also preserved (Takamizawa et al., 1991) ; they could have some significance in virus replication.
Short ORFs in the 5' UTR, which are reported to have genotype-specific patterns Bukh et al., 1992) , are shown for HCV genomes of six distinct genotypes (Fig. 4) . The NZL1 genome, genotype V/3a, has only two short ORFs, as have the Th85, US114 and HEM26 isolates of the same genotype (Okamoto et al., Lee et al. (1992) or Bukh et al. (1993) .
l" Identity in amino acid sequence is shown in parentheses.
1993), in contrast to the other genotypes with three to five short ORFs. No ORFs are shared by all of them. However, the preservation of two or more short ORFs in this region would imply that they are conserved for controlling translation or acting as negative modulators of translation (Yoo et al., 1992) . Conserved secondary structures are recognized within a T-terminal region of 300 nt, with a proposed role in virus replication . Similar to HCV isolates from Nepal of type 3 (Tokita et al., 1994) , the NZL1 genome was devoid of the T-terminal stemand-loop structure (one of the four) at the extreme 3' end of the HCV genome, which would constitute another characteristic of this HCV type (Fig. 5) . Stuyver et al. (1993b) and Cha et al. (1992) .
1" Identity in amino acid sequence is shown in parentheses. Simmonds et al. (1993 ), Bukh Grakoui et al. (1993 have investigated potential cleavage sites dependent on NS3 proteinase in HCV genomes of genotypes I/la to IV/2b, by site-directed mutagenesis in a transient expression system in vaccinia virus. Conserved amino acid residues which may determine the substrate specificity for NS3 proteinase, with a consensus motif of D/E-X-X-X-X-C/TIS/A (the cleavage site indicated by a vertical bar), are identified at the NS3/NS4a, NS4a/NS4b, NS4b/NS5a and NS5a/ NS5b cleavage sites, and they were conserved in NZL1 with a substitution of D/E for Q at NS5a/NS5b (Fig. 6) .
NZL1 showed > 94 % nucleotide sequence similarity to the 29 HCV isolates from all over the world for which genotype V/3a is assigned, based on the analysis of partial sequences of 149 to 2905 nt (Table 2) . This supports the view that these isolates are indeed of genotype V/3a. Table 3 compares NZL1 with 19 isolates from various areas of the world for which novel genotypes are proposed by substantial divergence in partial sequences of 72 to 1536 nt. Although NZL1 showed 92 to 93 % similarity to some isolates within parts of the 5' UTR and the C gene (321 nt), it showed only 81 to 82% similarity in C gene sequences (226 or 242 nt) to isolates from Egypt (Simmonds et al., 1993) and 54 to 65% similarity in the entire amino acid sequence of E1 to isolates from Denmark, South Africa and Zaire. Substantial differences of these isolates from NZL1, as well as from reported isolates of genotypes I/1 a to IV/2b and lc, would indicate that they belong to as yet unidentified HCV genotypes.
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